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NEW DATA ON DIPLACANTHUS KLEESMENTAE VALIUKEVICIUS, 1986
FROM THE VITEBSK REGIONAL STAGE (UPPER EMSIAN)
OF THE LOWER DEVONIAN OF BELARUS

The paper presents new data on the acanthodian species Diplacanthus kleesmentae, whose isolated scales are often found in
terrigenous and carbonate-terrigenous rocks of the Vitebsk Regional Stage of the Upper Emsian of the Lower Devonian of Belarus
and are usually well preserved. A detailed study of the scales of this species made it possible to clarify its diagnosis, supplement the
morphological and histological description of the scales, and clarify the features of their morphological variability, compare them
with the scales of other known species of the genus Diplacanthus. In addition to the above-listed information, the paper also
provides data on the facies restriction of scales of the acanthodians belonging to this species, their stratigraphic allocation and
geographical distribution within the country. All currently known boreholes on the territory of Belarus, in which scales of this
species were found, are mentioned. The rocks in which these scales were found are listed. The paper also presents the data of the
associated organic remains (invertebrates, vertebrates and miospores) found together with the scales of this acanthodian
representative. The correlation of the deposits of the Obol and Lepel Beds of the Vitebsk Regional Stage of the Upper Emsian of
Belarus with the coeval sediments widespread in the adjacent territories of the Baltic States and Russia is given. The photographs of
the external appearance of the scales and their thin sections are shown. The Stratigraphic Chart of the Devonian deposits of
Belarus (2010) was used as the stratigraphic basis. The study of fossil ichthyofauna is of fundamental importance for the needs
of practice — solving specific problems in prospecting, exploration, geological survey and other geological works.

Key words: acanthodians; Diplacanthus kleesmentae; Vitebsk Regional Stage; Upper Emsian; Lower
Devonian; scales; Belarus.
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HOBBIE JAHHBIE O DIPLACANTHUS KLEESMENTAE VALIUKEVICIUS, 1986
U3 OTJOKEHUM BUTEBCKOT'O TOPU30OHTA (BEPXHHMIM DMC)
HMKHET'O JJEBOHA BEJIAPYCH

B cratbe mpUBOIITCS HOBBIC JAHHBIC 1O akaHTOmoBoMY Bumy Diplacanthus kleesmentae, W30MPOBAHHBIC YCIITYH
KOTOPOTO HEPEAKO BCTPEYAIOTCS B TEPPUT€HHBIX M KapOOHATHO-TEPPUTEHHBIX MOPOJIaX BUTEOCKOTO TOPU30HTA BEPXHETO IMCa
HIDKHEro 1eBoHa benapycn u 0OBIYHO MMEIOT XOPOILYIO COXPaHHOCTb. JleTanbHOe M3yUeHHe Yellyi 3TOro Buia MO3BOJIAIO
YTOYHUTH €r0 JIMarHo3, JIOMOJHUTH MOP(OIOruyeckoe M THCTOJIOTMYECKOe ONMCAHWE YellyH, BBIICHUTH OCOOCHHOCTH X
MOP(]OIOrNYECKON W3MEHUMBOCTH, BBITOIHNTH CPAaBHEHHWE MX C YCHIysIMH JPYIMX HM3BECTHBIX BHIOB poma Diplacanthus.
[TomMHMO TIepedCITIeHHBIX CBEACHUH B CTAaThE TAKOKE MIPHBOIATCS JAHHBIE O (halaIbHOM MPIYPOYEHHOCTH YeITyi STOr0 BHa
AKaHTOJIOB, WX CTpaTHIpa(uyecKoM paclpeeNicHHH U TeorpapuueckoM paclpOCTpaHEHWH BHYTPH CTPAHbL. Y Ka3bIBAIOTCS
BCE M3BECTHBIE K HACTOSAILIEMY BPEMEHH CKBXHHBI HA TeppUTOpUH benapych, B KOTOPbIX ObUIM HalZIEHBI YelllyH 3TOTO BUAA.
INepeuncisitorcs: mOpoAbl, B KOTOPBIX 3TH YEIIyH ObUIM HaiilieHbl. Takke B CTaTbhe JAOTCS CBEACHUS IO COMYTCTBYFOLIMM
OpPTaHMYIECKUM OcCTaTKaM (OeCIIO3BOHOYHBIM, ITO3BOHOYHBIM M MHOCIIOpaM), OOHAPYXEHHBIM COBMECTHO C YEIIySMU 3TOTO
TIPE/ICTABUTENS aKaHTOZOB. [IpHBOAUTCS KOppEIsLMs OTJIOKEHNUH O00O0JIBCKUX M JICTIEIbCKUX CIIOEB BHUTEOCKOrO FOPH30HTA
BEepXHero sMca benapycu ¢ 0JHOBO3pacTHBIMU 00pa30BaHMsMH, IIMPOKO PAa3BUTHIMU Ha COIPEIEIbHBIX TEPPUTOPUSIX CTPaH
bantun u Poccun. JlemoHcTpupytotes otorpaduu BHEIHETo Brja yellyil u ux nuumdoB. B kayecTe crparurpaduyeckoii
OCHOBBI HCrONB30BaHa Crparturpaduyeckasl cxema JIEeBOHCKHMX oTioxkeHnmid bemapycun 2010 r. M3yuenme wnckomaemoit
nxTroayHpl MMeEeT MNPHHLIMIMAIGHO BaXKHOE 3HAYCHWE ISl HYXKI NPAKTUKA — TPH PEeIIeHNH KOHKPETHBIX 3ajad
B [TOMCKOBO-Pa3BEI0YHBIX, T€0JION0-CHEMOYHBIX U APYTUX T€0JIOTMUECKUX paboTax.

KuaioueBsie caoBa: akantonsl; Diplacanthus kleesmentae; BUTEOCKHI TOPH30HT, BEPXHHN HSMC; HIDKHHN
JIeBOH; uemyu; benapyce.
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Introduction. Separated scales of the acanthodian fish Diplacanthus kleesmentae are
sometimes rather commonly found in the deposits of the Obol and Lepel Beds of the Vitebsk
Regional Stage of the Lower Devonian on the territory of Belarus. Initially, scales of this species
identified as Diplacanthus sp. were found in Estonia in the Rez€kne deposits of the Mehikoorma
421 borehole (depth range of 236.7 to 237.1 m) [1]. Then, in 1986, J. Valiukevicius [2] based on
the study of such scales found them not only in Estonia, but also in Kaliningrad and Pskov regions
of Russia, Lithuania, Latvia and Belarus erected and described the above-mentioned species. On
the territory of the Baltic States and within the northwestern region of Russia, the scales of
Diplacanthus kleesmentae are found both in the deposits of the Rezékne Regional Stage of the
Upper Emsian, as well as sometimes locally in the Parnu sediments of the Lower Eifelian of the
Middle Devonian [2—4]. In Kaliningrad region the separate scales of this species have been
established in the rocks of the Rez€kne Regional Stage [3]. On the territory of Belarus, the isolated
scales of this species are still reliably known only from deposits of the Vitebsk Regional Stage of
the Upper Emsian of the Lower Devonian [2—10].

Materials and methods. The scales of the described species originate from terrigenous and
carbonate-terrigenous rocks of the Obol and Lepel Beds of the Vitebsk Regional Stage, which are
widely distributed on the territory of Belarus. The standard acid dissolution technique was used to
extract them from these rocks. Formic 5 % and acetic 9—10 % acids were used. After dissolution
of the rocks, the formed sediment was washed from clayey particles by multiple washing with
water. Then the washed sediment was dried and viewed under a binocular stereoscopic microscope
(MBS-1), after which the isolated scales were manually selected from it using thin brushes. The
selected scales were studied both morphologically and histologically. The microstructure of scales
was studied in thin sections or with use of anise oil. During their preparation, the scales on glass
slides were placed in Canadian balsam softened when heated on an electric stove. Once the
Canadian balsam was cured, the scales were ground down with the use fine abrasive powder. The
photographs of thin sections of scales were taken with the help of a biological microscope BYLAN
(TU RB 14724552.048-97) and an Axioskop 40 A Pol microscope, anise oil as an immersion
liquid applied. The individual specimens of the best-preserved scales were also selected for
photographing with a JSM-5610 LV scanning electron microscope (JEOL, Japan). The pictures
were processed with the use of the Adobe Photoshop CS6 program, and the drawings were
performed with the use of the program CorelDRAW 2019. The described scale samples are
currently stored at the Belarusian National Technical University (BNTU) at the Mining
Department in the palacontological collection (Minsk).

Results and discussion. New data obtained from the study of the separate scales of
Diplacanthus kleesmentae are given below.

Geological setting and stratigraphy. According to the literature [2—5] and the author’s
personal data [7—10] the scale findings of Diplacanthus kleesmentae in the territory of Belarus
are reliably known from thirteen boreholes: Braslav 6, Braslav 14, Eividovichi 328, Kupcheli 325,
Polotsk 1p, Chashniki 53, Liozno 1, Lyubuzh 1, Vilchitsy 1, Cherikov 1, Bykhov 1, Klimovichi 4n
and Korma 1 (figure 1). The scales of this species in these boreholes were found in sandstones,
siltstones, clays, marls and clayey dolomites belonging to the deposits of the Obol and Lepel Beds
of the Vitebsk Regional Stage. Together with them occur numerous scales and fin spines of other
species of acanthodians. In addition, various discrete skeletal elements of representatives of other
groups of ichthyofauna (thelodonts, placoderms, chondrichthyans, sarcopterygians and
actinopterygians) were found in these deposits. Of the invertebrates in the Obol and Lepel
deposits, the individual valves of ostracods, valves of conchostracans and fragmentary and
complete shells of inarticulate brachiopods were also found. Numerous findings of miospores are
mainly known amongst the plant remains in these deposits [11].
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1 — Braslav 6, 2 — Kupcheli 325, 3 — Eividovichi 328, 4 — Braslav 14, 5 — Polotsk 1p, 6 — Chashniki 53, 7 — Liozno
1, 8 — Lyubuzh 1, 9 — Vilchitsy 1, 10 — Cherikov 1, 11 — Bykhov 1, 12 — Klimovichi 4n, 13 — Korma 1

1 — Bpacnas 6, 2 — Kynyenu 325, 3 — 3nengosuun 328, 4 — Bpacnas 14, 5 — Monouk 1p, 6 — YawHwmkm 53, 7 —
JInosHo 1, 8 — Mobyx 1, 9 — Bunbumubl 1, 10 — Yepukos 1, 11 — BbixoB 1, 12 — Knumosuun 4n, 13 — KopmsiHckas 1

Figure 1. — Sketch map showing the borehole sections where the scales of Diplacanthus
kleesmentae were found

PucyHok 1. — KapTa pacnonoxeHus pa3pe3oB CKBaXWH, B KOTOPbIX ObIIIM HanAeHbl Yelyu
Diplacanthus kleesmentae

According to the Stratigraphic chart of the Devonian deposits of Belarus in 2010 [11], the
deposits of the Obol and Lepel Beds of the Vitebsk Regional Stage belong to the Upper Substage
of the Emsian Stage of the Lower Devonian. These deposits correspond to the Rhabdosporites
mirus—Gneudnaspora divellomedium Zone according to their contend miospores, and according
to conodonts to the Polygnathus costatus patulus Zone, and correspond approximately to the lower
part of the Laliacanthus singularis Zone in the acanthodian zonation [3; 5; 6; 11]. In the territory of
the Baltic States, the age analogue of these deposits are the sediments of the Rez&kne Regional
Stage [4; 12; 13], within the central part of Russia — the deposits of the Ryazhsk Regional Stage
(Novobasovo Beds) [4; 14; 15], and in the territory of Spitsbergen, possibly, deposits of the
lowermost of the Grey Hoek Formation [16].
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Taxonomy
Class ACANTHODII Owen, 1846
Order Diplacanthiformes Berg, 1940
Family Diplacanthidae Woodward, 1891
Genus Diplacanthus Agassiz, 1844

Diagnosis. Dermal and endoskeletal pectoral girdle elements — pectoral and admedian spines,
scapulocoracoid, procoracoid, pinnal and anterior ventral plates — articulate or are fused as a single
structure on each side of body. The sides of the fin spines with multiple longitudinal ridges. Each eye
is encircled by a single long plate plus multiple short plates. The scales are usually large, high, with
a narrow, well-developed neck, and a flat or moderately convex base. The crown of the scales is
flattened and ornamented with denticulated transverse ridges. The scales have a network of canals
opening out via pores on the crown and high on the posterior neck. The fin spines are straightened or
slightly curved, compressed laterally, with smooth longitudinal ridges, sometimes tuberculated
proximally and with a double row of recurved denticles along the trailing edge [17; 18].

Type species. Diplacanthus crassisimus (Duff, 1842) [19] (Diplocanthus crassisimus Duff,
1842, by original designation).

Remarks. According to the results of the recent studies, for example, C. J. Burrow [18], the
acanthodians belong to the stem group of the class of Chondrichthyes. In this paper, the
acanthodians are still considered traditionally in a class rank, i.e., as an Acanthodii Owen Class,
1846 [20]. A detailed revision of the family Diplacanthidae Woodward, 1891 [21] of the order
Diplacanthiformes Berg, 1940 [22] was made in paper [17].

Diplacanthus kleesmentae Valiukevicius, 1986 (Figures 2—21)

1975 Diplacanthus sp.; [1], p. 175; plate IV, figures 3a and 35.

1985 Diplacanthus ? sp. nov. 1; [23], plate VI, figures 7a and 7b.

1986 Diplacanthus kleesmentae ValiukevicCius, sp. nov.; [2], p. 113—114; plate 1, figures 8
and 9; plate III, figure 8; plate IV, figure 6; text-figure 4, figures 4—6.

1995 Diplacanthus kleesmentae; 5], text-figures 2, 4 and 5.

1998 Diplacanthus kleesmentae; [3], p. 7 and 16; text-figures 8, 10, 12, 14 and 19.

2000 Diplacanthus kleesmentae; [4], text-figures 1 and 4.

2008 Diplacanthus kleesmentae; [6], p. 76 and 88; table 1.

2016 Diplacanthus kleesmentae; [7], p. 16, table.

2016 Diplacanthus kleesmentae; [17], p. 6 and 17.

2017a Diplacanthus kleesmentae; [8], p. 59.

2017b Diplacanthus kleesmentae; [9], p. 16 and 22; table; text-figure 3.

2021 Diplacanthus kleesmentae; [10], p. 44 and 47; text-figures 2, 3; plate III, figures 2—7.

2021 Diplacanthus kleesmentae; [18], p. 55.

Holotype. Institute of Geology, Center for Natural Sciences (Lithuania, Vilnius), Ne 45-1025
(plate IV, figure 6).

Type locality and horizon. Berzini 33 borehole, depth 409.8 m; Latvia; Lower Devonian,
Upper Emsian, Rez€kne Regional Stage.

Material. Belarus, Vitebsk region, Beshenkovichi district, not far from the town of
Beshenkovichi, Chashniki 53 borehole, depth range of 291.0 to 293.4 m, 2 scales; Belarus, Mogilev
region, Mogilev district, near the village of Vilchitsy, Vilchitsy 1 borehole, depth 344.5 m, 3 scales;
Bykhov 1 borehole, depths 321.5 and 324.2 m; near the village of Bolshaya Zimnitsa, Slavgorod
district, Mogilev region, Belarus; 11 scales; Belarus, Mogilev region, Klimovichi district, near the
town of Klimovichi, Klimovichi 4 borehole, depths 489.8 and 487.8 m, 29 scales; Belarus, Gomel
region, Korma district, near the village of Barsuki, Korma 1 borehole, depth 340.2 m, 12 scales. All
scale material was collected by D. P. Plax.
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Figures 2—13 — Acanthodian scales of Diplacanthus kleesmentae from the Upper Emsian of the Lower Devonian of
Belarus: 2 — Specimen No 116/51-1, Bykhov 1 borehole, depth of 321.5 m, x 100 scale, crown view; Vitebsk Regional
Stage, Lepel Beds; 3 — Specimen No 116/53—1, Bykhov 1 borehole, depth of 324.2 m, x 140, scale, crown view; Vitebsk
Regional Stage, Lepel Beds; 4 — Specimen No 121/44-6, Korma 1 borehole, depth of 340.2 m, x 85, scale, oblique crown
view; Vitebsk Regional Stage, Lepel Beds; 5 — Specimen No 121/44 -3, Korma 1 borehole, depth of 340.2 m, x 50, scale,
oblique crown view; Vitebsk Regional Stage, Lepel Beds; 6 — Specimen Ne 143/30-17, Klimovichi 4n borehole, depth of
487.8 m, x 100, scale, oblique crown view; Vitebsk Regional Stage, Obol Beds; 7 — Specimen No 143/30-18, Klimovichi 4n
borehole, depth of 487.8 m, x 200, scale, oblique crown view; Vitebsk Regional Stage, Obol Beds; 8 — Specimen No
143/30-37, Klimovichi 4n borehole, depth of 487.8 m, x 120, scale fragment, oblique crown view; Vitebsk Regional Stage,
Obol Beds; 9 — Specimen No 143/30—41, Klimovichi 4n borehole, depth of 487.8 m, x 90, scale, crown view; Vitebsk
Regional Stage, Obol Beds; 10 — Specimen Ne 143/30—44, Klimovichi 4n borehole, depth of 487.8 m, x 150, scale fragment,
oblique crown view; Vitebsk Regional Stage, Obol Beds; 11 — Specimen Ne 143/31-1, Klimovichi 4n borehole, depth of
489.8 m, x 130, scale fragment, crown view; Vitebsk Regional Stage, Obol Beds; 12 —Specimen Ne 121/44—1, Korma 1
borehole, depth of 340.2 m, x 75, scale, basal view; Vitebsk Regional Stage, Lepel Beds. 13 — Specimen Ne 121/44-5,
Korma 1 borehole, depth of 340.2 m, x 70, scale, lateral view; Vitebsk Regional Stage, Lepel Beds. Scale bar 100 um
(2, 3,6,8,10,11); 200 um (4, 7,9, 12, 13); 500 pm (5)

PucyHkn 2—13 — Yewywm Diplacanthus kleesmentae n3 oTnoxeHum BepxHero amca HxHero aeBoHa Benapycu: 2 —
Okzemmnsip Ne 116/51-1, ckBaxuHa BbixoB 1, rmybuHa 321,5 m, x 100, dewys, BuO cBepXy; BUTEOCKUA TOPU3OHT,
nenenbckue crion; 3 — Jk3emrnap Ne 116/53—1, ckBakuHa bbixoB 1, rmybuHa 324,2 m, x 140, yewysi, BAO CBEPXY;
BUTEBCKWIN ropun3oHT, nenenbckue crouv; 4 — Sk3emnnsap Ne 121/44-6, ckBaxuHa KopwmsiHckas 1, rmybuHa 340,2 M, x 85,
Yellysl, BU4 C HaKIOHOM CBeEpXy; BMTEOCKWIM TroOpu3oHT, nenenbckue crnou; 5 — 3ksemnnsap Ne 121/44-3, ckBakuHa
KopmsiHckast 1, rnybuHa 340,2 m, x 50, yeluysi, BUO C HaKrmoHOM CBeEpXY; BUTEOCKUIA FOPU3OHT, nenenbckue crion; 6 —
Ok3emnnsp Ne 143/30-17, ckBaxxuHa Knumosmum 4n, rmybuHa 487,8 M, x 100, yellys, BMO C HAKITOHOM CBEPXY; BUTEOCKUIA
ropusoHT, obonbckue crnou; 7 — Sk3emnnsp Ne 143/30-18, cksaxknHa Knnmosunum 4n, rmybuHa 487,8 m, x 200, yellys, Bua ¢
HaKMOHOM CBEpXy; BUTEOCKUIA rOpu30HT, obonbckue crnou; 8 — Ok3emnnap Ne 143/30-37, cksaxkuvHa Knvmosuun 4n,
rnybvHa 487,8 m, x 120, hparMeHT YeLlym, BU C HAKIMTOHOM CBEpPXY; BUTEOCKMIA FOPU3OHT, 060MbCKUne crioun; 9 — Jk3emnnsap
Ne 143/30—41, ckBaxxvHa KnumoBuun 4n, rmy6uHa 487,8 m, x 90, Yellys, BUL CBEPXY; BUTEOCKUIA FOPU3OHT, 06OMbCKME Crow;
10 — Ok3emnnsap Ne 143/30—44, ckBaxuHa Knumosuum 4n, rmybuHa 487,8 m, x 150, doparMeHT Yellyn, BUA C HAKIMOHOM
CBepXy; BUTEOCKMIA ropn3oHT, obonbckue cnou; 11 — Ok3emnnsap Ne 143/31-1, cksaxuHa Knumosuum 4n, rnybuHa 489,8 m,
x 130, cpparmeHT Yellyun, BUL cBEpXY; BUTEDCKUIA rOpU30HT, obornbekue crion; 12 — Jk3emnnsp Ne 121/44-1, ckBaxuHa
KopmsiHckast 1, rnybuHa 340,2 m, x 75, Yeluysi, BUO CHU3Y; BATEOCKUIA rOpU30OHT, nenenbckue crnou; 13 — Ok3emnnsap
Ne 121/44-5, ckBaxkuHa KopmsiHckas 1, rmybuHa 340,2 m, x 70, Yeluys, Bua cOoky; BUTEOCKMI FOPU3OHT, NenenbCK1e Criou.
MacwrabHas nuHenka: 100 um (2, 3, 6, 8, 10,11); 200 um (4, 7, 9, 12,13); 500 pm (5).
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psc crw

abo — acellular bone,

avc — ascending vascular canal,
bvc — base vascular canals,

ba — base,

cvc — circular vascular canal,
crw — crown,

dt — dentine tubule,

psc — primordial scale,

gl — growth lamella,

grv — groove,

hvc — horizontal vascular canal,
n — neck,

rdg — ridge,

rvc — radial vascular canal,

Shf — Sharpey’s fibres

abo — BeckneTo4yHas KOCTHasA TKaHb,
avc — BOCXOAALUIA COCYQMCTbIV KaHan,
bvc — cocyamncTble kaHanbl OCHOBaHWS,
ba — ocHoBaHwe,

CVC — UMPKYNSIPHBIA COCYAMCTLIN KaHar,
Crw — KpOHa,

dt — neHTMHOBbLIN KaHanelu,

psSC — npumopamanbHas JYeLuys,

gl — nnactuHa HapacTaHus,

grv — 6opo3aa,

hvc — ropr3oHTarnbHbIN COCYAUCTLIN KaHarn,
n — Wewnka,

rdg — rpebeLuok,

rvc — paguanbHbIi COCYAUCTbIN KaHan,
Shf — LlapneeBbl BOfIOkHa

Figures 14—21 — Microstructure of the scales of Diplacanthus kleesmentae: 14 — horizontal section of the scale
crown. Specimen No 121/44-19, Korma 1 borehole, depth 340.2 m, Vitebsk Regional Stage, Lepel Beds; 15 — horizontal
section of the scale crown. Specimen No 121/44-25, Korma 1 borehole, depth 340.2 m, Vitebsk Regional Stage, Lepel
Beds; 16 — scale horizontal view in anise oil. Specimen No 143/30—46, Klimovichi 4n borehole, depth 487.8 m, Vitebsk
Regional Stage, Obol Beds. 17 — horizontal view of the base in anise oil. Specimen No 143/30—48, Klimovichi 4n
borehole, depth 487.8 m, Vitebsk Regional Stage, Obol Beds; 18 — scale vertical longitudinal section. Specimen No
121/44-20, Korma 1 borehole, depth 340.2 m, Vitebsk Regional Stage, Lepel Beds; 19 — scale vertical longitudinal view
in anise oil. Specimen No 143/30—-47, Klimovichi 4n borehole, depth 487.8 m, Vitebsk Regional Stage, Obol Beds; 20 —
scale lateral view in anise oil. Specimen No 121/44-27, Korma 1 borehole, depth 340.2 m, Vitebsk Regional Stage, Lepel
Beds; 21 — scale lateral view in anise oil. Specimen No 143/30—46, Klimovichi 4n borehole, depth 487.8 m, Vitebsk Regional
Stage, Obol Beds. Scale bar of 200 ym (14—21)

PucyHku 14—21 — MukpocTtpyktypa Yewyn Diplacanthus kleesmentae: 14 — ropn3oHTanbHbI Cpe3 YeLlyn vepes
KpoHy. Jk3emnnsip Ne 121/44—19, cksaxmHa KopmsiHckas 1, rnybuHa 340,2 m, BUTEGCKUIA FOPU3OHT, nenernbsckue crnou; 15 —
rOpPM3OHTanbHbIA Cpe3 Yelyn yepe3 kpoHy. Jksemnnsap Ne 121/44-25, cksaxumHa KopmsHckas 1, rmybuHa 340,2 m,
BMTEDOCKWI FOPU3OHT, nenenbekue crou; 16 — ropyM3oHTanbHbIV BUA Yellyn B aHMcoBoM mMacre. Oksemnnap Ne 143/30-46,
ckBaxxvHa Knumosuun 4n, rnybuHa 487,8 M, Butebckuii ropusoHT, obonbckue cnow; 17 — BuUA OCHOBaHUS B aHUCOBOM
macne. Jksemrnsap Ne 143/30—48, cksaxuHa Knumoswnum 4n, rnyouHa 487,8 M, BUTEGCKUIA rOpU3oHT, 0b6orbekue criov; 18 —
BEpTMKarnbHbIN NPOAONbHBIN cpes vellymn. Skaemnnsp Ne 121/44-20, cksaxuHa KopmsiHekas 1, rmybuHa 340,2 m, Butebckuia
FOPU30HT, nenenbckue crnou; 19 — BepTukanbHbI NPOAOSBHBIN BUA Yewwyy B aHMCoBOM Macne. Sk3emnnsip Ne 143/30-47,
ckBaxvHa Knvumosuum 4n, rnybuHa 487,8 M, BUTEDOCKUIA ropm3oHT, obonbckune crnou; 20 — Bua 4Yellyn c6oKy B aHUCOBOM
macne. Jk3emnnap Ne 121/44-27, ckBaxvHa KopmsHckas 1, rmybuHa 340,2 m, BUTEBCKMIA FOPM3OHT, Nnenenbckue criow;
21 — Bup Yellym cOoky B aH1COBOM Macne. Jksemnnisip Ne 143/30—46, cksaxkvHa Knumosuuun 4n, rmybuHa 487,8 M, BuTebCKui
rOpu3oHT, obonbekme cnoun. MaclwtabHas nuHerika 200 um (14—21)
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Published records. Belarus, Vitebsk region, Braslav district, near the town of Braslav, Braslav
6 borehole, depth range of 315.0 to 328.0 m; Belarus, Vitebsk region, Sharkovshchina district, near
the village of Germanovichi, Braslav 14 borehole, depth range of 235.0 to 240.0 m; Belarus, Vitebsk
region, Braslav district, near the village of Kupcheli, Kupcheli 325 borehole, depth 275.9 m;
Belarus, Vitebsk region, Braslav district, near the village of Eividovichi, Eividovichi 328 borehole,
depth range of 254.4 to 259.0 m; Belarus, Polotsk district, Vitebsk region, northwest of the town of
Polotsk, Polotsk 1p borehole, depth range of 305.0 to 308.0 m; Belarus, Vitebsk region, Liozno
district, near the village of Liozno, Liozno 1 borehole, depth range of 510.5 to 516.5 m; Belarus,
Mogilev region, Mogilev district, near the village of Lyubuzh, Lyubuzh 1 borehole, depth range of
356.1 to 365.2 m; Belarus, Mogilev region, Cherikov district, near the town of Cherikov, Cherikov 1
borehole, depth range of 411.8 to 429.2 m. About 30 scales [2].

Diagnosis. The scales are usually large, up to 1.8 mm long. The crown of the scales is often
thin, with rounded anterior margins; it can be round, oval, elongated-oval, rounded-rectangular,
rounded-rhomboid and regular-rhomboid. On the crown there is a sculpture like a “fingerprint”
formed by numerous ridges and grooves. In the anterior section of the crown some ridges can
branch in two, less often into three. Along the anterior margin of the crown there is a distinct
narrow ridge-like unsculptured border. The neck of the scales is high, thin, well developed. The
base is moderately convex, rhomboid, rounded-rhomboid, elongated-oval, often with a slightly
expressed apex located in the middle. There are up to nine growth lamellae in the crown and neck.
The growth lamellae are superpositional. The ascending vascular canals in the neck are sinuous
and branched, with many processes. The radial vascular canals are very complex, large, multi-
branched, penetrating the entire neck area. The circular vascular canals are distinct, well-
expressed, and form arcuate branches. The longitudinal horizontal vascular canals in the crown are
bush-like — the mouths of several large branches converge. The acellular bone tissue of the base, in
addition to the banded-situated Sharpey’s fibers contains sinuous and branched vascular canals
rising up from its outer surface.

Description. Morphology. The scales are usually large, 0.6 to 1.8 mm long and 0.5 to 1.2 mm
wide. The height of the scales is usually 0.7—0.9 mm. The crown of the scales is usually thin. Its
anterior margin is rounded, in some scales it is slightly tilted forward, the lateral angles are slightly
rounded, and the posterolateral margins converge smoothly, without usually forming a sharp
posterior angle. The shape of the crown of the scales can be round, oval, elongated-oval, rounded-
rectangular, rounded-rhomboid with a slightly elongated posterior section and regular-rhomboid
shape. The sculpture on the crown is represented by numerous ridges and grooves forming
a peculiar pattern resembling a “fingerprint” pattern. The thin linear grooves and low ridges
between them in the anterior medial section of the crown converge symmetrically with opposite
sides, and in the posterior section they are located in a semicircle parallel to the margin of the
crown. Sometimes on the crown — one or two grooves are wider and deeper. In the anterior section
of the crown some ridges can branch in two, less often in three parts. In the medial section of the
crown a gently sloping longitudinal concavity or depression is not rare observed. A distinct narrow
ridge-like unsculptured border runs along the anterior margin of the crown. The neck of the scales
is usually high, thin, well developed, only in rare specimens is it relatively low and weakly
expressed. There are sometimes narrow vertical furrows on its posterolateral walls. The rim
outlining the junction of the neck and base is clear, uneven and well developed. The base is
moderately convex or slightly flattened, in cross section it is diamond-shaped, rounded-rhomboid,
elongated-oval, but does not extend beyond the anterior margin of the crown. The apex of the base
is usually weakly expressed and located in the middle, but may be absent.

Histology. The crown of the scales is composed of mesodentine and is penetrated by
numerous complicated radial, ascending, circular and longitudinal horizontal vascular canals. They
are well-expressed, large, multi-branched, and intertwined with a dense network of processes of
radial vascular canals that are located above the surface of the base and penetrate the entire region
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of the neck of the scales. Here they are intertwined with sinuous, branched ascending vascular
canals and rarely form lacuna-like extensions. The confinement of ascending vascular canals to
individual growth lamellae is indistinct. The durodentine is represented by thin strips only in the
central parts of the latest growth lamellae of the crown. The circular and longitudinal horizontal
vascular canals penetrate even the latest growth lamellae. The circular vascular canals are distinct,
rather wide and form arcuate branches. The longitudinal horizontal vascular canals, as a rule,
consist of several large, bush-like situated branches and in the anterior part of the crown rush
towards the center of the scale, and in the posterior section of the crown they stretch towards the
posterior extremity of the crown. The vast majority part of the thin, narrow, sinuous dentine
tubules that intertwine with them are oriented in a similar way. The base of the scales is dense and
growth lamellae are clearly observed on them it. It is composed of acellular bone tissue, which in
addition to the clearly defined, narrow, relatively long, striped-situated Sharpey’s fibers also
contains wider, sinuous and branched vascular canals directed centripetally towards the primordial
scale. These vascular canals are noticeably inferior in size to the crown canals.

Variability. The scales of this species vary in crown shape, neck height, base configuration
and degree of its convexity. The sculpture of the crown varies in the number of ridges, the
presence of branched ones among them at the anterior margin of the crown. On the crown,
a sculpture resembling a kind of “fingerprint” may have some individual features in the details of
this pattern.

Comparison. From the scales of Diplacanthus pecherensis Valiukevicius, 2003a [24] the
scales of Diplacanthus kleesmentae differ in the much larger size of the scales, as well as slightly
in the shape of the base and configuration of the crown of the scales. In addition, they differ
strongly in the sculpture on the crown of the scales. Despite the fact that the internal structure of
the scales of Diplacanthus pecherensis is poorly understood, it can still be noted that the scales of
this species have up to six growth lamellae in the crown, consisting of specific mesodentine with
well-developed ascending and radial vascular canals located high in the neck area. The upward
directed bushy networked dentine tubules are located separately in the growth lamellae without
any connections, and the primordial scale contains a complicated knot of interwoven vascular
canals, part of which are widened. Morphologically the scales of Diplacanthus kleesmentae differ
from those of Diplacanthus poltnigi Valiukevi¢ius, 2003b [25] in the size of the scales and in
a peculiar sculpture of the crown like a “fingerprint”. In histological relation, the scales of
Diplacanthus poltnigi differ from the scales of Diplacanthus kleesmentae in the nature of the
structure of the sinuous ascending vascular canals in the neck and their smaller branches
containing lacunae, as well as the multibranched radial vascular canals above the base. The scales of
Diplacanthus kleesmentae differ from those of Diplacanthus tenuistriatus Traquair, 1894 [17; 26] in
size, and differ significantly in crown sculpture and base shape. There are some differences in the
internal structure of the scales. In the scales of Diplacanthus kleesmentae the radial and ascending
vascular canals in the neck are much better expressed, and the longitudinal horizontal vascular
canals in the crown are thinner, but more branched. The lacuna-like extensions of the dentine
tubules contained in the neck are much more common in the scales of Diplacanthus tenuistriatus.
The scales of Diplacanthus kleesmentae have thinner and more numerous crown growth lamellae —
up to nine, while the scales of Diplacanthus tenuistriatus have no more than eight crown growth
lamellae. The scales of Diplacanthus kleesmentae differ from those of Diplacanthus solidus
Valiukevicius, 2003b [25] in having much larger scales, the shape and sculpture of the crown of
the scales, a larger number of growth lamellae in the crown and neck, a different structure of the
radial and ascending vascular canals in the neck, and a special character of the mesodentine. The
scales of Diplacanthus kleesmentae differ from the scales of Diplacanthus gravis Valiukevicius,
1988 [27] in having larger scales, and in possessing higher height of the neck of the scales, and in
the sculpture on the crown of the scales. In the internal structure the differences between these
compared species are more distinct. The scales of Diplacanthus kleesmentae have up to nine
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growth lamellae, a differing character of the location and structure of the radial vascular canals in
the neck, and no mesodentine with numerous processes directed upwards from the horizontal and
circular vascular canals are found in the crown. Diplacanthus kleesmentae resembles Diplacanthus
crassisimus (Duff, 1842) [17; 19] in the character of the arrangement of sculptural elements on the
crown; however, the ridges of the latter protrude in relief; moreover, each of them seems to consist
of individual tubercles closely adjacent to each other neighbor and placed in a semicircle.

Facies. The scales are found mainly in clayey, clastic and clayey-carbonate rocks, which are
predominantly formations of a shallow, desalinated marine basin.

Geological age and geographical distribution. Lower Devonian, Emsian, Upper Substage,
Rezekne Regional Stage of the Baltic States, Kaliningrad region and northwestern region of Russia;
Obol and Lepel Beds of the Vitebsk Regional Stage of Belarus. Middle Devonian, Eifelian, Lower
Substage, Pdarnu Regional Stage of the Baltic States and northwestern region of Russia.

Belarus occurrences. Vitebsk region, Braslav 6 borehole (depth range of 315.0 to 328.0 m),
Braslav 14 borehole (depth range of 235.0 to 240.0 m), Kupcheli 325 borehole (depth 275.9 m),
Eividovichi 328 borehole (depth range of 254.4 to 259.0 m), Polotsk 1p borehole (depth range of
305.0 to 308.0 m), Chashniki 53 borehole (depth range of 291.0 to 293.4 m), Liozno 1 borehole
(depth range of 510.5 to 516.5 m); Mogilev region, Lyubuzh 1 borehole (depth range of 356.1 to 365.2
m), Vilchitsy 1 borehole (depth 344.5 m), Cherikov 1 borehole (depth range of 411.8 to 429.2 m),
Bykhov 1 borehole (depths 321.5 and 324.2 m), Klimovichi 4 borehole (depths 489.8 and 487.8 m);
and Gomel region, Korma 1 borehole (depth 340.2 m).

Conclusions. The study of the collected scale material of the species Diplacanthus
kleesmentae originating from the deposits of the Vitebsk Regional Stage of Belarus allowed the
author to significantly supplement and clarify the description of the scales of this species in
morphological and histological aspects. This study clarifies the limits of their morphological
variability, establishes their facies confinement, and elucidates their stratigraphic distribution and,
due to the new findings, indicates a wide geographical distribution within the Vitebsk Regional
Stage in Belarus.

The author of the paper is sincerely grateful to V. G. Lugin (Belarusian State Technological University, Center for
Physical and Chemical Investigations) for his help with the electron microscope photography, and also grateful to
Dr. R. B. Blodgett (Consulting Geologist, Anchorage, Alaska, USA) for his help in editing the English version of the

paper.
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